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INTRODUCTION

Bordetella bronchiseptica has been recog-
nized as a respiratory tract pathogen of mam-
mals since 1910 (43). However, until the last
decade most work with the genus Bordetella
was with Bordetella pertussis, the causal agent
ofhuman pertussis (whooping cough). Although
some research concerning the toxic, antigenic,
and serological characteristics of B. bronchisep-
tica was reported by workers doing comparative
studies of B. bronchiseptica, Bordetella para-
pertussis, and B. pertussis, little work was con-
ducted on the etiological range and pathological
nature of B. bronchiseptica in various animals
until the last decade (34, 36, 40).

Increased interest in B. bronchiseptica has
developed due to worldwide concern over respi-
ratory diseases in confinement-reared swine,
dogs, and laboratory animals. Since animal and
economic losses from endemic respiratory dis-
eases in these animals continue to increase, re-
search teams, particularly in the economically
advanced countries, have concentrated on deter-
mining the etiology and possible control of such
respiratory diseases. Although diagnostic evalu-
ations of infected animals repeatedly pointed to
B. bronchiseptica as a primary etiological agent,
early researchers had difficulty replicating sim-
ilar laboratory-induced swine atrophic rhinitis,
pneumonia, and canine infectious tracheobron-
chitis with pure cultures of B. bronchiseptica
(123, 126). The lack of good laboratory models
caused early investigators to conclude that B.
bronchiseptica was only a secondary invader (3,

73, 87). Once Switzer (150) demonstrated labo-
ratory-induced swine atrophic rhinitis (a respi-
ratory infection causing atrophy of the nasal
turbinates) with a pure culture of B. bronchisep-
tica, the primary role of B. bronchiseptica in
swine became known. During the next decade
the work of Switzer was verified by other re-
searchers around the world (18, 24, 89, 106, 122,
122a, 142, 144, 160). In 1973 workers in Scotland
demonstrated that B. bronchiseptica alone
could cause acute infectious canine tracheobron-
chitis (kennel cough) (157, 166). Unlike infec-
tions in swine and dogs, the involvement of B.
bronchiseptica as a primary pathogen of respi-
ratory infections in laboratory animals was ac-
cepted much earlier (46, 47, 52, 59).
There was also a recent increase in interest in

B. bronchiseptica by B. pertussis workers after
Kloos et al. (92) revealed that B. pertussis, B.
parapertussis, and B. bronchiseptica have suf-
ficient deoxyribonucleic acid (DNA) homology
and similar enough bacteriological properties to
be considered members of the same species. It is
now believed that information concerning B.
bronchiseptica may have a direct relationship
to the understanding of B. pertussis (92). Fur-
thermore, B. bronchiseptica now serves as a
model for the study of both environmental ef-
fects on respiratory disease and plasmid biology.
As no complete survey concerning B. bronchi-
septica has been published, this review attempts
to (i) summarize the bacteriological and patho-
logical properties of B. \bronchiseptica, (ii) sur-
vey the etiological role and immunological prop-
erties of this organism as related to mammalian
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respiratory disease, and (iii) discuss the eco-

nomic impact of this respiratory pathogen on

humans.

CLASSIFICATION
B. bronchiseptica was firsC isolated and iden-

tified as Bacillus bronchicanis by Ferry in 1910'
(43). The name Bacillus bronchicanis was cho-
sen since the organism was isolated from the
respiratory tracts of dogs suffering from distem-
per. After organisms with characteristics identi-
cal to those described by Ferry were isolated
from the respiratory tracts of guinea pigs, mon-
keys, and humans in 1912 and 1913 (45, 146), the
organism was renamed Bacterium bronchisep-
ticus (128). In the ensuing years this bacterium
was renamed four more times, as follows: Alca-
ligenes bronchisepticus Bergey (1925), Brucella
bronchiseptica Topley and Wilson (1929), Al-
caligenes bronchicanis Haupt (1935), and Hae-
mophilus bronchisepticus Wilson and Miles
(1946). It was placed in the genera Alcaligenes,
Brucella, and Haemophilus due to morpholog-
ical, growth, and biochemical characteristics
which were somewhat similar to the character-
istics of members of these genera. Finally, this
bacterium was given its present name when
Moreno-Lopez described the genus Bordetella
(in honor of Jules Bordet, who first isolated the
organism causing pertussis) and the species Bor-
detella bronchiseptica (128).
Biochemical and antigenic comparisons, DNA

hybridization studies, and phage typing have
indicated a close taxonomic relationship among
the members of the genus Bordetella. These
members (B. bronchiseptica, B. pertussis, and
B. parapertussis) are minute coccobacilli which
are nonmotile or motile by lateral peritrichous
flagella, gram negative, and may stain bipolarly.
They also possess respiratory metabolism, are

nonfermentative, and produce no indole or hy-
drogen sulfide, but they do produce cytochrome
oxidase, lysine decarboxylase, and catalase.
They do not liquefy gelatin, but do render car-

bohydrates and litmus milk basic. Furthermore,
all three species produce a blue protein called
azurin, which undergoes reduction in the pres-
ence of concentrated cell-free extracts and suc-

cinate. Azurin is believed to act as a participant
in the electron transport system between cyto-
chrome c and cytochrome oxidase (149). The
minimum nutritional requirements of the mem-
bers of the genus Bordetella are very similar
(Table 1), but they are quite different from those
of organisms in the genera Haemophilus and
Brucella. Bordetella species do not require X
factor (hematin) or V factor (nicotinamide ade-
nine dinucleotide) (129) and are distinguished

TABLE 1. Minimum nutritional requirements of
bordetella speciesa

B. para- B. bron-
Substrate(s) B. per pertus- chisep-tussis sis tica

Nicotinic acid + + +
Glutamic acid, proline, - - +

leucine
Glutamic acid, proline, - + +

leucine, cystine, me-
thionine

Glutamic acid, proline, + + +
leucine, cystine, me-
thionine, alanine, as-
paragine, serine

'Substrates were added to ammonia basal salts medium.
+, Growth turbidity in defined medium after five serial culture
transfers; -, no visible growth turbidity.

by several phenotypic characters, such as rapid
growth on blood-free peptone agar, motility, and
various biochemical properties (Table 2) (17, 92,
128, 129, 154, 162). All Bordetella spp. are
strictly aerobic, grow optimally at 35 to 370C,
and agglutinate erythrocytes from a variety of
mammals and fowl (11, 58, 86, 91). The capacity
of B. bronchiseptica to hemolyse blood is also
used in identification. Beta-hemolytic colonies
develop on agar media containing blood from a
variety of mammals (11, 58, 86, 91, 100). How-
ever, differences in hemolytic response can be
induced by varying the growth substrate. Ped-
ersen grew B. bronchiseptica which produced
strong hemolysis on solid media in an acid en-
vironment and only slight hemolysis in alkaline
media (124). Furthermore, hemolytic substances
considered to be terminal growth products have
been found to consist of a heat-labile fraction
and a heat-stable fraction (93). The three species
of Bordetella are all pathogens of mammalian
respiratory tracts; B. pertussis and B. paraper-
tussis cause whooping cough in humans, and B.
bronchiseptica causes respiratory infections in
numerous other mammals.
The members of the genus Bordetella possess

similar antigenic characteristics; each species
possesses a genus-specific, heat-stable somatic
(0) antigen, an antigenic heat-labile dermone-
crotic toxin, and a common heat-labile agglutin-
ogen (20, 35, 37, 48, 49, 84, 91). Furthermore,
each species has a species-specific agglutinogen,
and 10 other agglutinogens occur in all three
species (128). Additional evidence for a close
taxonomic relationship between B. bronchisep-
tica and B. parapertussis was reported by
Rauch and Pickett, who used bacteriophage typ-
ing (131); 47% of the phage isolates from 48 B.
bronchiseptica isolates were found to lyse nine
heterologous strains of B. parapertussis. How-
ever, no analogous relationship was demon-
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TABLE 2. Distinguishing phenotypic characters of Bordetella species'
Growth in

Growth on blood- Specific Growth presence

Growth on Bordet- free peptone agar Citrate Urease
Nitrate heelale in pres- of 10 mg

Species Gengou agar Motility utiliza- activity reduc- antigen ence of of colloi-Gengouagar ~~~~~~~~tionaciiy tiop (antigen 20% cit- dal copper
Phase I Phase IV actor rate sulfide per

liter

B, pertussis Slow, small colo- + +
nies

B. pqraper- Moderate, slightly + With - + + + _ 14 _
tussis larger colonies brown-

ing
B. bronchi- lModerate to rapid, + + + + + + 12 + +

septicc lagercoloniesi (Rapid)
", Positive; ±:, weak positive; -, negative.

strated in similar tests conducted on 50 strains
of B. pertussis. Further evidence was reported
by Kloos et al. (92), who conducted DNA-DNA
reassociation tests on the members of the genus
Bordetella. Relative binding values for individ-
ual single-strand DNAs were 72 to 93% between
B. bronchiseptica and B. pertussis and 88 to
94% between B. pertussis and B. parapertussis.
Also, leucine and tryptophan autotrophs of B.
pertussis strains were transformed by B. bron-
chiseptica and B. parapertussis DNAs at fre-
quencies close to homologous DNA strand reas-
sociation values. A numerical taxonomic survey
was conducted by Johnson and Sneath (85), who
found an average intergroup similarity of ap-
proximately 80% between B. bronchiseptica and
the other two Bordetella species. Like B. per-
tussis, B. bronchiseptica has been shown to
produce a biologically active component which
provides histamine sensitization (25). The re-
sults of these comparative studies question the
validity of classifying these three organisms as
separate species. The taxonomic placement of
the genus Bordetella still is undecided. In Ber-
gey's Manual of Determinative Bacteriology,
8th ed. (128), this genus is placed in the gram-
negative aerobic rods and cocci section undar
genera of uncertain affiliation, along with Alca-
ligenes, Acetobacter, Brucella, Francisella, and
Thermus.

TES4RPON OF B. BRONCHISEPTICA
Morpho1loY

B. bronchiseptica is rTadily identifiit as a
gram-negative, nonsporeforn , pleomorphic,
coccobacillary bacterium. Cells grown an olid
media occur mainly in coccoid form, often rang-
ing in size from 3.0 by 0.5 ,um to 0.4 by 0.72 ,um
(Fig. 1) to 0.5 by 0.4 ,um; some filamentous forms
have an average size of 0.4 by 8.0 ,um (133) (Fig.
2). Unlike B. pertussis and B. parapertussis, B.
bronchiseptica is motile. Motility is provided by
peritrichous flagella. Electron micrographic

FIG. 1. Electron micrograph of a negatively
stained B. bronchiseptica cell. Blwd agar culture (48
h); bar = 0.1 urm. (Reproduced with permission from
D. 0. Farrington [D. 0. Farrington, Ph.D. thesis,
Iowa State University, Ames, 1974].)

studies have shown flagella which resemble a
left-handed triple helix and have an average
diameter of 13.9 nm (95). Richter and Kress
(133) photographed multistranded flagella of B,
bronchiseptica which were 18 to 22 nm thick
and contained braided structures consisting of
five to six strands per flagellum; each strand was
2 nm wide. These flagella resembled those of
other gram-negative bacilli.
Workers have also conducted fine structure

evaluations, such as outer membrane protein
identity determinations and plasmid character-
izations, to define isolate characteristics. Fine
structure studies on B. bronchiseptica have
shown that the cell wall and the membranes are
similar to those of other gram-negative bacteria.
This organism possesses a cell wall composed of
five layers. The outer three layers give the sur-
face contours a lobulated appearance, with chan-
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FIG. 2. Electron micrograph of a negatively
stained B. bronchiseptica cell. Tryptose phosphate
broth culture (24 h); bar = 1.0 pm. (Reproduced with
permission from D. 0. Farrington [Ph.D. thesis])

nels 10 to 20 nm wide between lobules (133) (Fig.
3). The outer membrane proteins of four smooth
and two rough strains of B. bronchiseptica were
analyzed and compared with the outer mem-
brane proteins of phase I and IV isolates of B.
pertussis (26). Smooth strain B. bronchiseptica
isolates provided profiles similar to those of B.
pertussis with the following two exceptions: pro-
teins from two of the smooth strains of B. per-
tussis, which had molecular weights of 98,000
and 88,000, were not present in the smooth
strains of B. bronchiseptica. The rough strains
of B. bronchiseptica resembled phase IV B.
pertussis isolates in that outer membrane pro-
teins of 27.5 aiid 30 kilodaltons were missing in
the rough phase of both species. This study
suggests that the control mechanisms exerted
bver the production of these outer membrane
proteins are siiilar in these two Bordetella spe-
cies. Richter and Kress (133) found that the cell
membrane ofB. bronchiseptica is trilaminar and
surrounds cytoplasm which contains abundant
ribosomes in a cytoplasmic matrix. The nuclear
zones of B. bronchiseptica consist of networks
of fibrils thought to be DNA and dense unde-
fined bodies (Fig. 3). Plasmid bodies have been
observed in various B. bronchiseptica isolates.
Tetakado et al. (155) first inferred the presence
of plasmids from R-factor studies with drug-
resistant strains of B. bronchiseptica isolated
from swine. Later, Dobrogosz et al. (26) screened
seven B. bronchiseptica strains for the presence
of plasmid DNA. They found that four of the
seven strains carried one or more medium to
large plasmids in addition to a small labile plas-
mid similar in size and concentration to a plas-
mid found in B. pertussis and B. parapertussis.
Although B. bronchiseptica can usually be

characterized, proper descriptions and compari-
sons of B. bronchiseptica isolates have been
hindered by the lack of a universally accepted
descriptive system. Scientists commonly de-

scribe gross colony morphology, colony phase
typing, and animal infectivity tests in an attempt
to distinguish among such isolates.
When B. bronchiseptica isolates are grown on

agar, colony morphologies range from smooth to
rough. Early researchers designated smooth
phase I colonies as virulent and rough phase IV
colonies as avirulent. Disagreement with this
system developed when more recent investiga-
tions (101, 121) revealed multiple intermediate
colony phase types (phases II and III). Nakase
(116, 117) found that H. bronchisepticus (B.
bronchiseptica) phase I (smooth) colonies were
pathogenic for mice, whereas phase IV (rough)
colonies were avirulent. Phase I colonies were
found to be extremely unstable and to be trans-
formed readily to phase II, III, and IV colonies
after several growth passages on artificial media.
Further evidence of phase instability was re-
ported by Lacey (96), who observed more phase
I colonies on Bordet-Gengou and blood agars
than on nutrient agar. These observations sug-
gest that the composition of the growth medium
may affect the colonial phase type. Differences
within phase III (phases III-1 and III-2) were
found to be associated with specific capsular
antigens or somatic antigens or both. Rough
phase IV cells have been considered to be phase
III cells lacking only flagellar antigens (116, 117).
While attempting to detect enzymatic differ-
ences between phase types, Endoh et al. (38)
discovered an abundance of adenylate cyclase
activity in phase I cultures of all three Borde-
tella species. B. parapertussis and B. bronchi-
septica released this enzyme to the culture fluid,
whereas B. pertussis produced more activity

_Ew 'Iw

FIG. 3. Longitudinal cross-section of B. bronchi-
septica. Tryptosephosphate broth culture (24 h); ura-
nyl acetate and lead citrate stain. Note the furrowed
cell wall. The nucleoplasms (N) appear to be whorled
and rarefied. The retraction of the bacterial cell
membrane and cytoplasm from the cell wall is evident
(arrow). Bar = 0.1 gm. (Reproduced with permission
from D. 0. Farrington [Ph.D. thesis])
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intracellularly. Phase III cultures of these spe-
cies lacked both extracellular and intracellular
enzyme activity.

Inconsistencies in descriptions of phase types
with respect to virulence, motility structures,
and ability to attach to membrane surfaces have
been reported. For example, Nakase noted per-
itrichous flagella on smooth phase I cells and no
flagella on rough phase IV cells, whereas Bemis
et al. (11) observed nonflagellated phase I cells
and flagellated phase IV cells. The smooth-vir-
ulent and rough-avirulent character designa-
tions used successfully to categorize B. pertussis
have not held true at my laboratory in virulence
designations of B. bronchiseptica isolates.
Smooth, intermediate, and rough colony forms
of B. bronchiseptica have demonstrated similar
virulence in causing swine and canine respira-
tory infections. Similarly, other investigators (B.
Plotkin and D. Bemis, Abstr. Annu. Meet. Am.
Soc. Microbiol. 1980, B54, p. 26) have found that
smooth-, intermediate-, and rough-phase B.
bronchiseptica isolates demonstrate host cell
infectivity by attachment to hamster lung fibro-
blasts. In contrast, B. bronchiseptica phase I
isolates have been shown to adhere both to
swine nasal epithelial cells cultured in vitro and
to nasal epithelium in experimentally infected
pigs, whereas only a few phase III isolates have
displayed similar attachment to either type of
cells (170). Obviously, more investigation is
needed in this area before a colony phase typing
system for B. bronchiseptica isolates can be
considered meaningful.

Toxins
All Bordetella species synthesize at least one

lipopolysaccharide toxin which is similar both
chemically and biologically to the lipopolysac-
charide toxins of other gram-negative bacteria
(20, 34, 40, 104). A heat-labile toxin(s) prepared
from freeze-thawed extracts ofB. bronchiseptica
and B. pertussis proved to be toxic to guinea
pigs and mice and caused dermonecrotic lesions
when injected subcutaneously into rabbits.
When this toxin was injected intravenously into
rabbits, hyperglycemia was induced initially,
and later hypoglycemia occurred, resulting in
death. The hypoglycemia-inducing factor was
reduced or eliminated by heating the toxin at
550C for 30 min (118). The toxin was Formalin
sensitive and nonantigenic and lost potency after
filtration through a Seitz E-K filter. In contrast,
Evans (39) found that formalized B. bronchisep-
tica toxin was antigenic and that the resulting
antitoxin prepared against B. bronchiseptica
toxin neutralized the toxins of all three Borde-
tella species.
Dermonecrotic lesions and adverse systemic

reactions had been observed in laboratory ani-
mals after injections of Bordetella toxin. Re-
searchers could only speculate as to the patho-
genic mechanisms involved in B. bronchisep-
tica-induced atrophy of nasal turbinate tissue in
swine or the cause of mucus accumulation and
cough in dogs suffering from canine bordetel-
losis. B. bronchiseptica toxin extracts were ex-
amined in vitro in an attempt to demonstrate
inhibition of calcium deposition, as is found in
swine nasal turbinate atrophy. Lipopolysaccha-
rides extracted with trichloroacetic acid from B.
bronchiseptica and B. pertussis were shown to
affect markedly respiration, certain energized
processes, and the morphology of beef heart
mitochondria. The interaction of this endotoxin-
like extract with intact mitochondria inhibited
the coupling ofphosphorylation to terminal elec-
tron transfer and Ca2" translocation (76). Fur-
thermore, electron microscopic studies demon-
strated that B. bronchiseptica endotoxin exists
in the form of protein-lipopolysaccharide com-
plex vesicular membranes. These endotoxin
membranes appear to interact with mitochon-
drial membranes and to modify mitochondrial
enzymatic processes and morphology (76). More
recently, Nakase conducted in vivo studies with
swine, using a sonicated cell-free toxin extract of
phase I B. bronchiseptica cells, which was in-
oculated intranasally into young pigs each day
for 64 days. Later, varying degrees of nasal tur-
binate atrophy were observed in treated pigs
(75). This extract was then fractionated into an
endotoxin component and a heat-labile derno-
necrotic toxin component. No nasal turbinate
atrophy was produced in young mice by the
endotoxin fraction, whereas severe atrophy was
produced by the heat-labile dermonecrotic toxin
fraction (Y. Nakase, K. Kume, K. Shinoda, and
A. Sawata, Proc. Int. Pig Vet. Soc. Congr., p.
202, 1980). This work questions the concept pro-
posed by Harris et al. and others (79, 80) that B.
bronchiseptica releases a toxic factor(s) which
alters normal formation of the bony nasal tur-
binates to the extent that damage may be caused
by the heat-labile dermonecrotic toxin rather
than by the endotoxin. Other toxic factors are
also produced by B. bronchiseptica. Dixon et al.
(25) have shown that intravenous administration
of histamine to dogs injected with B. bronchi-
septica produces a significant increase in the
rate of discharge of lung irritant receptors and
reduces airflow through the respiratory tract.
This study suggests that a histamine-sensitizing
factor is produced by B. bronchiseptica. How-
ever, in tests of the Bordetella species, Ross et
al. found a histamine-sensitizing factor only in
B. pertussis (135). Further investigations con-
cerning the physical properties and bioactivities
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of the various B. bronchiseptica toxins are
needed.

Antigenic Factors
The following three types of agglutinogens

from B. bronchiseptica have been described:
flagellar H antigens, surface heat-labile K anti-
gens, and surface heat-stable 0 antigens (1, 35,
36, 99). Although nomnotile B. pertussis and B.
parapertussis lack H antigens, all three Borde-
tella species possess similar 0 antigens and an-
tigenic, thermolabile, hemorrhagic toxin anti-
gens (37). Each species demonstrates a different
major K antigen, whereas the strains within
each species exhibit varying numbers of K par-
tial antigens (1). A total of 14 K antigens have
been shown to be shared by the three Bordetella
species (128).

In an extensive study, Nakase (116) attempted
to clarify further the antigenic structure of H.
bronchisepticus (B. bronchiseptica) isolates.
Differences between morphological and anti-
genic structures and the changes in these struc-
tures due to colonial phase shifts were measured
with monospecific sera. The results indicated
that H. bronchisepticus could be divided into
three smooth phases and one rough phase.
Smooth phase I and II cells possessed identical
L (heat-labile capsular), H, S (thermostabile
surface), 01, 05, and 07 antigens. Phase III cells
were divided antigenically into phase III-1 (with
H, 01, and 07 antigens) and phase III-2 (with
H, 05, and 07 antigens). Rough phase IV cells
possessed only 01 and 05 antigens.
The antigenic properties of Bordetella are

affected by the type of nutrients used for growth
and by the number of serial passages made on
laboratory growth media. Both Haemophilus
pertussis (B. pertussis) and H. bronchisepticus
antigens showed altered serological responses
when cultivated on a medium in which MgSO4
replaced NaCl (96, 97). Flosdorf et al. (53) veri-
fied that an antigenic difference between the
agglutinabilities of freshly isolated and labora-
tory-stored H. bronchisepticus strains could be
detected. Laboratory strains failed to aggluti-
nate in sera prepared against freshly isolated
strains. Although the surface antigens of B.
bronchiseptica have been well characterized, the
antigenic spectra of the attachment structures
(pili), which are being studied now in several
laboratories, have yet to be documented.

Antibacterial Susceptibilities
B. bronchiseptica is susceptible to various

antimicrobial agents both in vivo and in vitro (6,
55, 152). However, there have been problems in
providing and maintaining effective concentra-
tions of such agents on infected membrane sur-

faces without causing unwanted residues in tis-
sues, particularly in animals used for producing
human food. An equally difficult problem arising
from the use of such compounds is the develop-
ment of resistant strains of B. bronchiseptica.

Primary B. bronchiseptica isolates have been
reported to be highly resistant to a wide spec-
trum of antibacterial agents (143, 151, 152).
Switzer and Farrington (152) reported that B.
bronchiseptica was susceptible to the sulfon-
amide drugs, in particular sulfamethazine and
sulfathiazole. Initially, these drugs were effective
in controlling B. bronchiseptica infections in
swine herds; however, later investigations
proved that resistant strains had developed.
Harris and Switzer (77) reported that 85% of the
B. bronchiseptica isolates recovered from pigs
in 25 herds were resistant to sulfonamides. An-
other survey involved 61 swine isolates which
were tested for susceptibility to 52 antibacterial
drugs; 11% of the isolates were resistant to sulfa
drugs and cross-resistant to aminobenzyl peni-
cillin and streptomycin (6). Wilkins and Helland
(164) also found that B. bronchiseptica isolates
recovered from dogs with tracheobronchitis
were resistant to lincomycin, penicillin, strepto-
mycin, nitrofurantoin, and tylosin. In contrast,
many of these isolates from dogs were suscepti-
ble to novobiocin, tetracycline, ampicillin, chlor-
amphenicol, erythromycin, and kanamycin
(164).
More recently, Bemis and Appel (8) found

that B. bronchiseptica isolates were susceptible
to chlorhexidine (Nolvasan) when evaluated in
vitro, whereas Nolvasan was of no value in re-
ducing the number of B. bronchiseptica cells in
the respiratory tracts of infected dogs. In addi-
tional studies, seven widely used antibiotics were
administered by oral, parenteral, and aerosol
routes to dogs before aerosol instillation of vir-
ulent B. bronchiseptica. Parenterally and orally
delivered antibiotics caused no reduction in bac-
terial numbers in the tracheae or bronchi of
infected dogs. Aerosolized antibiotics did reduce
the bacterial populations from similar tissues
and the clinical signs of infection for up to 3 days
posttreatment (9). Turkey poults intranasally
injected with B. bronchiseptica were treated
with tetracycline hydrochloride or sulfaquinox-
aline. Tetracycline-treated birds showed signifi-
cant reductions in the level of infection; in con-
trast, sulfaquinoxaline-treated birds showed
only slight improvement (61).
Eventual failure of many antimicrobial agents

to control swine respiratory disease has
prompted investigators to determine whether
resistance to these agents is mediated by R
factors carried by B. bronchiseptica. Hedges et
al. (81) derived a 34.6-megadalton plasmid from
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a wild strain of B. bronchiseptica; this plasmid
conferred resistance to ampicillin, streptomycin,
sulfonamides, and mercury salts. Terakado et al.
(156) also demonstrated that R factors carrying
sulfadimethoxine, streptomycin, and aminoben-
zyl penicillin resistance were present in strains
of B. bronchiseptica isolated from pigs. All
strains could transfer drug resistance as one unit
to a susceptible strain of Escherichia coli, as
well as to other B. bronchiseptica strains. Ter-
akado et al. (155) later demonstrated that, unlike
the R factors from Enterobacteriaceae and
Pseudomonas aeruginosa strains, the R factors
from B. bronchiseptica could be characterized
by the lack of tetracycline resistance but the
presence of aminobenzyl penicillin resistance.
Yaginuma et al. (167) selected an R plasmid
from a B. bronchiseptica isolate and demon-
strated the production of a 8-lactamase which
was highly active against phenethicillin, oxacil-
lin, and propicillin. Furthermore, Terakado et
al. (155) conducted a survey ofB. bronchiseptica
isolates for drug resistance and the distribution
of R factor; they found that 71 of 304 strains
(23%) were resistant to either one or more of the
drugs tested (streptomycin, sulfadimethoxine,
and aminobenzyl penicillin). Many of these 71
strains contained triple resistance, and 86% of
the 71 strains carried R factors capable of con-
jugal transfer. Since B. bronchiseptica readily
transfers multitype resistance to a wide variety
of antimicrobial substances, researchers have
tried to counter this problem with such alter-
native techniques as the development of vac-
cines for controlling bordetellosis.

Isolation and Cultivation
B. bronchiseptica can be recovered readily

from the respiratory tracts of animals with bor-
detellosis by nasal or tracheal swabbing. Pri-
mary swab isolates are usually plated onto selec-
tive media containing penicillin, streptomycin,
and nystatin (a fungus inhibitor) (56). Other
types of selective media have also been used
successfully (41, 56, 57).

Usually, plates are incubated at 35 to 370C for
40 to 72 h, and the resulting colonies are ob-
served for pearlescent, smooth-margin appear-
ance. Cells from presumptive colonies are Gram
stained, and then similar colonies are tested for
genus- and species-specific biochemical reac-
tions. B. bronchiseptica is often differentiated
from other gram-negative coccobacilli by using
200 ,ug of nitrofurantoin per ml of plating me-
dium (57). B. bronchiseptica can be propagated
both on agar surfaces and in broth cultures
containing standard protein media (e.g., tryptose
phosphate and Trypticase soy media). For max-
imum growth in broth, aeration, temperatures
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of 35 to 370C, and control of released alkaline
factors with standard buffer salts are necessary
(Goodnow, unpublished data).
The identification of primary B. bronchisep-

tica isolates has been reported to be more diffi-
cult than the identification of laboratory-main-
tained strains. When grown on blood agar, lab-
oratory-maintained B. bronchiseptica colonies
are usually hemolytic and glistening and develop
an average diameter of 2.0 mm in 1 to 2 days.
However, Simpson and Simmons (145) reported
isolating primary cultures from rodent nasopha-
ryngeal swabs which produced uncharacteristic,
nonhemolytic colonies with diameters of 0.1 to
0.2 mm after 24 h of incubation. Furthermore,
the motility of these isolates was often unde-
tected in cultures that were not incubated for
more than 3 days.

DISEASES
B. bronchiseptica has been associated with

respiratory diseases ofnumerous mammals since
it was first reported in 1910 (43, 44, 169). This
organism has been isolated from dogs (43), hu-
mans (19, 45, 60), monkeys (71, 138), cats (52,
147), rabbits, ferrets, guinea pigs (111), mice (88),
swine (32), foxes (134), rats (16, 153), hedgehogs
(33), horses (58, 107), skunks, opossums, rac-
coons (153), koala bears (112), turkeys (51, 83),
and lesser bushbabies (94). Humans are not usu-
ally considered to be natural hosts for B. bron-
chiseptica; however, six cases of human borde-
tellosis have been reported since 1910 (19, 23, 46,
60, 111, 165). Since the greatest economic losses
from bordetellosis have been incurred from in-
fected swine, dogs, and laboratory animals, most
investigations have been conducted with these
three animal groups.

Swine Atrophic Rhinitis and Pneumonia
Franque (54) first reported atrophic rhinitis of

swine as a condition in which affected swine did
not fatten, developed atrophy of the nasal and
ethmoid turbinates, and, in severe cases, devel-
oped malformation of the nose. Early in the
study of this disease, the condition was thought
to be linked to nutritional or genetic deficiencies
(54, 82, 130). However, since the 1950s the pos-
sible nutritional and genetic nature of this dis-
ease has been generally discounted (103, 152).
Infectious agents were then considered, and fi-
nally Switzer (150) reported that B. bronchisep-
tica recovered from atrophic swine turbinates
produced turbinate atrophy when it was instilled
intranasally into newborn pigs. This work, which
was later confirmed, demonstrated that B. bron-
chiseptica is a primary pathogen of swine (18,
24, 62, 76, 89, 106, 122, 122a, 136). Recently,
using gnotobiotic pigs, Martineau et al. (B. Mar-
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tineau, M. Josse, B. Martineau-Doize, and F.
Coignoul, Proc. Int. Pig Vet. Soc. Congr., p. 201,
1980) determined that the minimum infective
dose for B. bronchiseptica-induced atrophic
rhinitis is 3.0 x 105 cells per ml when the orga-
nism is inoculated intranasally (0.5 ml/nostril)
for 3 consecutive days. Shortly after the report
of Switzer, the biological activity of B. bronchi-
septica on upper respiratory tract tissue of in-
fected swine was assessed. Duncan et al. (28, 30)
found B. bronchiseptica cells on epithelium
membranes of swine turbinates and tracheae by
using fluorescent antibody staining. The orga-
nism did not appear to invade underlying tissue.
A further examination showed that B. bronchi-
septica caused nasal mucus membrane cilia to
swell to a polyhedral shape, to be fewer in num-
ber, and to become abnormally spaced. An eval-
uation of the osteoblasts and osteocytes of bone
cells from pigs infected with B. bronchiseptica
also showed swollen mitochondria, distention of
cisternae of endoplasmic reticula, and some lysis
of cells (50).

Variation in the pathogenicities of B. bron-
chiseptica isolates for pigs has been reported.
Intranasal inoculations of pigs with swine, rab-
bit, cat, and rat isolates caused mild to moderate
turbinate atrophy, whereas an isolate of dog
origin caused no turbinate hypoplasia (137). Fur-
thermore, B. bronchiseptica variants have been
isolated from the nasal secretions of swine con-
sidered to be free from clinical respiratory dis-
ease (102), indicating that these variants may
colonize a host but not produce disease symp-
toms. More recently, Skelly et al. (B. J. Skelly,
M. Pruss, R. Pellegrino, D. Andersen, and G.
Abruzzo, Proc. Int. Pig Vet. Soc. Congr., p. 210,
1980) reported that numerous B. bronchiseptica
field isolates recovered from swine could infect
the nasal turbinates of other susceptible swine.
However, only 50% of these isolates produced a
significant degree of nasal turbinate atrophy in
the inoculated swine.

B. bronchiseptica has also been reported to
cause swine pneumonia (4, 27, 29, 32, 69, 70, 86,
148, 159). Phillips (127) considered B. bronchi-
septica to be a primary agent in Canadian swine
suffering from pneumonia. In contrast, Betts
(15) recovered B. bronchiseptica from pneu-
monic lungs of pigs raised in England, yet con-
sidered the organism to be a secondary invader,
following virus pneumonia in pigs. Ray (132)
found B. bronchiseptica associated with pneu-
monia in swine in the United States and sug-
gested the term porcine whooping cough for
swine pneumonia. Swine pneumonia has been
induced readily in controlled laboratory experi-
ments. L'Ecuyer et al. (100) reproduced pneu-
monia in swine by using a combination of intra-

tracheal and intranasal inoculations of B. bron-
chiseptica grown in embryonated chicken eggs.
Meyer and Beamer (113) verified this work by
inoculating germfree swine with B. bronchisep-
tica and inducing experimental pneumonia.

Canine and Feline Bordetellosis
Ferry (43) repeatedly isolated Bacillus bron-

chicanis (B. bronchiseptica) from ocular, nasal,
and tracheal tissues of dogs suffering from dis-
temper. At that time the etiology of canine dis-
temper had not been defined clearly, although
Carre (22, 22a) had reported that canine distem-
per was caused by a virus. Ferry reported induc-
ing distemper-like symptoms (nasal rhinitis,
bronchitis with persistent cough, bronchopneu-
monia, vomiting, blood diarrhea, and conjuncti-
vitis) by blowing dried Bacillus bronchicanis
(B. bronchiseptica) into the nasal passages of
dogs, guinea pigs, rabbits, and monkeys. He con-
cluded that Bacillus bronchicanis (B. bronchi-
septica) was the primary etiological agent caus-
ing canine distemper. Later, however, Dunkin
and Laidlaw (31, 98) and Torrey and Rahe (161)
demonstrated conclusively that canine distem-
per was in fact caused by a virus. Apparently the
test dogs used by Ferry were suffering concur-
rently from bordetellosis and distemper. Even
after the etiology of canine distemper and con-
trol measures for this disease were defined, other
respiratory infections continued to persist in
dogs. Veterinarians worldwide are still often con-
fronted with dogs suffering from infectious
tracheobronchitis (canine cough).
Canine infectious tracheobronchitis is consid-

ered to be a highly contagious respiratory tract
disease which affects dogs of all ages. Severely
affected dogs often have a dry, harsh, hacking
cough, followed by retching and vomiting. The
syndrome usually lasts for 1 to 3 weeks, and
occasionally pneumonia-related deaths occur.
The transmission and frequency of this disease
are highest among dogs kept under close con-
finement, as in breeding and boarding kennels.
Kennel cough has long been considered to be a
disease complex having viral and bacterial com-
ponents (2). Although Pennock and Archibald
(126) attributed canine tracheobronchitis to
Brucella (Bordetella) bronchiseptica infections,
another investigator reported inconsistent re-
sults when he attempted to induce clinical trach-
eobronchitis by intranasal inoculation with B.
bronchiseptica (73). Once Wright et al. (166)
discovered that a pure culture of B. bronchisep-
tica could be utilized as an aerosol inoculum to
induce disease in dogs, investigators easily dem-
onstrated laboratory-induced infectious trach-
eobronchitis and pneumonia (7, 9, 12, 157). In
addition, B. bronchiseptica was found to cause
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naturally occurring respiratory infections in ken-
nels (10, 159). It has now been demonstrated
that the most severe symptoms of the disease
(excessive tracheal mucus accumulation, vomit-
ing, weight loss, and pulmonary lesions) are
linked to B. bronchiseptica (2, 12, 67). Similar
symptoms are not obtained when dogs are in-
oculated with only canine respiratory viruses.

B. bronchiseptica has been reported infre-
quently as a respiratory pathogen in cats. Fisk
and Soave (52) reported that about 10% of the
cats which they sampled either were carriers of
B. bronchiseptica or suffered from B. bronchi-
septica-caused pneumonia. Snyder et al. (147)
reported that 10% of 127 cats suffering from
respiratory tract disease were infected with B.
bronchiseptica. The incidence and severity of
feline bordetellosis need to be assessed further.

Respiratory Infections of Laboratory
Animals

The laboratory animal industry, which pro-
vides rabbits, guinea pigs, rats, monkeys, ferrets,
and other mammals to the scientific research
community, has long labored against animal
losses from epizootic respiratory infections. B.
bronchiseptica has often been cited as a primary
etiological agent in many of these outbreaks.
Ferry (45, 46) isolated Bacillus bronchisepticus
(B. bronchiseptica) from rabbits, guinea pigs,
ferrets, and monkeys affected with an epizootic
respiratory infection. Later, Ferry and Hoskins
(47) and Oldenburg et al. (119) reported that the
majority of rabbit catarrh cases, which were
characterized by nasal discharge, sneezing, loss
of appetite, and weight loss, were caused by
Bacillus bronchisepticus. Other workers in-
duced ventral turbinate atrophy in newborn rab-
bits with intranasal inoculations of Alcaligenes
bronchisepticus (B. bronchiseptica) (105, 106).
Germfree and conventional weanling rats and
mice were exposed to B. bronchiseptica and
later developed acute to subacute bronchopneu-
monia (21, 165). B. bronchiseptica has also been
reported to be associated with otitis media of
guinea pigs (163).
Research in which primates are used as test

animals is both costly and highly regulated by
various agencies. Undesired respiratory epizoot-
ics among these animals are always a major
concern. B. bronchiseptica has repeatedly been
shown to be associated with pneumonia in pri-
mates (63, 71, 72). Graves (72) isolated B. bron-
chiseptica from laboratory-housed monkeys
which were suffering from epizootic pneumonia.
Seibold et al. (138) reported that 27% of bron-
chopneumonia cases were associated with B.
bronchiseptica in Calicebus species. Currently,
intranasal live B. bronchiseptica vaccines to
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control bordetellosis outbreaks are being evalu-
ated in primates.

Human Infections
B. bronchiseptica is seldom considered to be

infectious for humans. However, McGowan
(111) isolated Bacterium bronchicanis (B. bron-
chiseptica) from 1 of 13 laboratory animal care-
takers. Ferry (46) isolated Bacterium bronchi-
canis from an animal caretaker suffering from
grippe. Winsser (165) also isolated B. bronchi-
septica from 1 of 23 animal caretakers. The one
caretaker positive for B. bronchiseptica had
prior bronchopneumonia with a recurrent croup-
like, nonproductive cough resembling a mild
paroxysm of whooping cough. Furthermore,
Brown (19) reported isolating Bacillus bronchi-
septicus from a child with symptoms of pertus-
sis. It was believed that the child contacted the
organism by handling a pet rabbit suffering from
contagious nasal catarrh (snuffles). Switzer et al.
(153) collected nasal swabs from 80 people who
had had close contact with B. bronchiseptica-
infected swine. However, no B. bronchiseptica
was isolated from any of the humans sampled.
Chang et al. (23) reported that B. bronchiseptica
was responsible for posttraumatic purulent men-
ingitis in a 9-year-old boy who had been kicked
in the face by a horse. More recently, Ghosh and
Tranter (60) cited a case of fatal bronchopneu-
monia in a malnourished alcoholic in which B.
bronchiseptica was isolated from the blood and
tracheal pus. These few reported cases ofhuman
B. bronchiseptica-related infections suggest that
B. bronchiseptica may be capable of occasion-
ally infecting humans under atypical conditions.

nWMUNITY
Prevention of B. bronchiseptica respiratory

tract (lung, tracheal, or nasal turbinate) mem-
brane infections of mammals appears to be de-
pendent upon prevention of attachment to and
colonization of host cells by invading bacteria.
As there have been few reports of septicemic-
phase infections, the inhibition of these infec-
tions appears to be dependent upon localized
activity of humoral agglutinins, antitoxins, or
cellular immune factors. Natural resistance in
guinea pigs to both nasal reinfection and tra-
cheal reinfection by B. bronchiseptica after an
initial infection was reported by Yoda et al.
(168). Numerous attempts to simulate this re-
sistance with vaccines have been made. Pre-
pared B. pertussis and B. bronchiseptica anti-
gens have been administered in a variety of
forms, with and without adjuvants and by var-
ious routes of administration. Cross-immunity
studies have also been conducted by using Bor-
detella antigens (78, 90). Recently, subunit or
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avirulent live B. bronchiseptica vaccines have
been used to immunize swine, guinea pigs, and
dogs in attempts to improve immune responses
to bordetellosis compared with the responses
which are usually induced by inactivated whole-
cell bacterins.

Whole-cell, chemically inactivated B. bron-
chiseptica bacterins containing either Freund
incomplete or aluminum hydroxide adjuvant
have been used successfully to immunize mice
and guinea pigs against death, the carrier state,
and bronchopneumonia resulting from labora-
tory-induced or natural B. bronchiseptica infec-
tions (57, 59, 102). However, in some cases com-
plete clearance of infecting B. bronchiseptica
cells from nasal secretions has not occurred until
months after vaccination. Goodnow et al. (66)
inoculated mice intraperitoneally with both a B.
bronchiseptica bacterin not containing adjuvant
and a B. bronchiseptica bacterin containing alu-
minum hydroxide adjuvant and were able to
prevent death in intraperitoneally challenged
mice. Similarly, dogs and swine have been inoc-
ulated with whole-cell B. bronchiseptica bacter-
ins with and without adjuvants in attempts to
control bordetellosis. McCandlish et al. (108,
110) inoculated dogs with inactivated whole-cell
bacterins with and without aluminum hydroxide
adjuvant. Dogs inoculated with a bacterin not
containing adjuvant coughed for a shorter time
than control dogs, whereas dogs vaccinated with
a bacterin containing adjuvant demonstrated
significant protection against clinical canine bor-
detellosis. In another study (109), a heat-inacti-
vated B, bronchiseptica bacterin containing no
adjuvant was tested. Both vaccinated and con-
trol dogs developed clinical respiratory disease
after aerosol challenge with B. bronchiseptica.
However, the onset of disease in the vaccinated
animals was delayed, thus indicating the neces-
sity of using an adjuvant with the antigen for
optimum immunization. Shelton et al. (140) uti-
lized a B. bronchiseptica whole-cell bacterin
containing aluminum hydroxide adjuvant and
reported a reduction in clinical signs and pul-
monary lesions in dogs reared in a closed colony
undergoing a B. bronchiseptica epizootic.

Inactivated B. bronchiseptica bacterins have
provided only marginal protection against ca-
nine bordetellosis induced in laboratories and
have proven to be unsafe for use. The use of
such bacterins has resulted in swelling and ab-
scess formation at the inoculation site, as well as
lameness in a significant number of vaccinated
dogs (139). However, the use of similar bacterins
in swine to control infectious atrophic rhinitis
has been more successful. Infected swine often
display such snout and facial distortions that
their value is reduced severely. Furthermore,
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these infections often cause pigs to gain weight
at a reduced rate, resulting in an extended rear-
ing time, tying up rearing facilities, and, ulti-
mately, ineffective swine production. B. bron-
chiseptica bacterins have been utilized in at-
tempts to prevent snout distortion and nasal
turbinate atrophy and, particularly, to accelerate
nasal membrane clearance of B. bronchiseptica.
Even though earlier workers were able to im-
munize guinea pigs against B. bronchiseptica
infections (59, 115, 165), Harris and Switzer (77)
could not induce nasal resistance against B.
bronchiseptica infection by vaccinating swine
intramuscularly with a whole-cell bacterin not
containing adjuvant. In later studies, Harris and
Switzer (78) demonstrated accelerated nasal
clearance of B. bronchiseptica in swine subcu-
taneously vaccinated with either a sonicated B.
bronchiseptica bacterin or a commercially pre-
pared B. pertussis vaccine. This work stimulated
researchers in Europe (13, 14, 125) to evaluate
similar B. bronchiseptica whole-cell bacterins
for use in the control of swine bordetellosis.
Vaccination was reported to lower both the level
of nasal turbinate atrophy and the infective level
in a swine herd to a point where B. bronchisep-
tica infection no longer caused an economic
problem. Additional studies have shown that
vaccination reduces both the clinical signs and
the nasal turbinate damage from atrophic rhin-
itis in infected swine herds (68), as well as in
infected laboratory swine (42, 66). By vaccinat-
ing a population of young swine undergoing a
bordetellosis epizootic, Goodnow (64) demon-
strated that vaccination reduced clinical
atrophic rhinitis by 90% and shortened the
growth cycle by more than 3 weeks. In another
study, vaccination improved the weight gain in
weaning pigs (65).
Cross-immunity studies have verified that the

Bordetella species possess common antigens.
Evans and Maitland (40) prevented B. bronchi-
septica-induced mortality and lung infections in
intranasally challenged guinea pigs with a heat-
killed suspension of B. pertussis. Later, Eldering
(35) injected mice subcutaneously with thimer-
osal-inactivated whole cells of B. pertussis and
demonstrated immunity in mice against infec-
tion and death after intraperitoneal inoculation
of B. bronchiseptica. However, Winsser (165)
failed to immunize mice intraperitoneally with
a thimerosal-inactivated B. pertussis bacterin
when they were inoculated intranasally with B.
bronchiseptica.
There have been attempts to improve the

immune response to swine bordetellosis by uti-
lizing a subunit B. bronchiseptica vaccine. Nor-
mally, subunit vaccines are prepared to concen-
trate specific protective antigens or to remove
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from microorganisms virulent or immunosup-
pressive factors which either act as poor immu-
nogens or are unsafe for vaccine use (5, 120).
Carlo et al. (D. J. Carlo, A. Hagopian, and P. J.
Kniskern, U. S. patent 4,203,970, May 1980)
prepared a subcellular B. bronchiseptica vaccine
containing concentrated antigenic cell wall frac-
tion. This vaccine provided significantly greater
protection for B. bronchiseptica-infected swine
against nasal turbinate histopathology than did
a whole-cell B. bronchiseptica bacterin tested in
similar fashion.

Predictably, the optimal method for control-
ling respiratory membrane infections is by the
inducement of local immune factors. For this
response the delivery and establishment of a
specific immunogen at the site of infection are
necessary. As with subunit vaccines, there have
also been attempts to improve the control of B.
bronchiseptica respiratory infections with live,
intranasally delivered, avirulent B. bronchisep-
tica vaccines. Shimizu (141) first reported the
isolation of a temperature-sensitive B. bronchi-
septica mutant which, when delivered intrana-
sally, provided high resistance in guinea pigs to
B. bronchiseptica-induced hemorrhagic pneu-
monia. This work was followed by attempts to
control canine bordetellosis with a similar live,
avirulent vaccine. Goodnow and Shade (67, 139)
vaccinated dogs intranasally, which then dem-
onstrated resistance against clinical bordetellosis
and hemorrhagic pneumonia, starting an aver-
age of 5 days postvaccination. Using a similar
vaccine, Shade et al. (F. J. Shade, R. Bey, R.
Goodnow, and R. Johnson, Abstr. Annu. Meet.
Am. Soc. Microbiol. 1980, p. 65) showed a cor-
relation between the occurrence of B. bronchi-
septica-specific immunoglobulin A in the nasal
secretions of intranasally vaccinated dogs and
clinical resistance against canine bordetellosis.

Parenterally delivered, inactivated whole-cell
bacterins, subunit B. bronchiseptica vaccines,
and avirulent live B. bronchiseptica vaccines
have been used to reduce clinical symptoms and
histopathology and to accelerate clearance of B.
bronchiseptica infections from the respiratory
tracts of dogs, swine, and guinea pigs. However,
the use of these vaccines has not led to a method
for bordetellosis eradication. Methods for induc-
ing total inhibition of either attachment or toxic
effects on respiratory tract membranes by path-
ogenic B. bronchiseptica are still under devel-
opment.

ECONOMIC EFFECTS
B. bronchiseptica infections of mammals, par-

ticularly swine and dogs, have caused the loss of
millions of dollars from canine and swine pneu-
monia, disfigured swine, lost sales, drug costs,
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veterinary fees, and inefficient use ofrearing and
boarding facilities. Surveys indicate that 25 to
50% of the world swine population is infected
and thus affected economically by B. bronchi-
septica infections (152). Controlled vaccine effi-
cacy field studies have shown that swine borde-
tellosis causes economic losses by stopping or
lengthening the growth cycle of infected swine
(65, 67, 68, 74). Furthermore, losses from swine
destroyed due to disfigurement also occur (64).
Shuman and Earl (144) demonstrated that sows
in a B. bronchiseptica-infected herd produced
significantly more stillborn pigs at farrowing and
that the surviving piglets exhibited a signifi-
cantly slower growth rate throughout the growth
cycle, compared with normal pigs. Muirhead
(114) evaluated the economics of an endemically
B. bronchiseptica AR-infected 100-sow herd in
England and found that the infection cost the
producer approximately $9,850,00 annually from
mortality, sacrificed pigs, medicated feed, vet-
erinary fees, sales losses from deformed pigs,
daily weight gain loss, and poor feed conversion.
Although B. bronchiseptica-related infections
are often cited as one of the top five disease
problems of swine worldwide (114), the global
economic impact from lost revenue attributed to
B. bronchiseptica infections in commercial rear-
ing businesses has not been well documented.
Both government officials and animal producers
hesitate to admit the presence of such respira-
tory infections. Animals with bordetellosis are
often quarantined, preventing their export and
import. As laboratory animal supply operations
often depend upon selling respiratory pathogen-
free animals, reports of the true incidence of and
economic losses due to bordetellosis are also
seldom cited. Similarly, canine breeders and
commercial boarding kennels often minimize the
occurrence of respiratory epizootics in their fa-
cilities. Approximately 11 x 106 dogs are boarded
in kennels annually in the United States, and
successful canine boarding is often dependent
upon control of highly contagious canine respi-
ratory infections.

CONCLUSIONS
Although B. bronchiseptica has been recog-

nized as a respiratory pathogen of mammals
since 1910 and although much of the basic biol-
ogy of this organism has been described, numer-
ous key pieces of information are still lacking.
Further investigation is needed to determine the
pathogenic mechanisms of B. bronchiseptica
with respect to respiratory membrane attach-
ment and alteration, the physical nature and
biochemical nature of the endotoxins and heat-
labile dermonecrotic toxins produced, and the
possible relationship between pathogenicity and
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the environmental conditions of the host (e.g.,
gaseous and particulate air pollutants). Further-
more, there is no universal acceptance concern-

ing (i) the use of colonial phase typing for sub-
species designation, (ii) the use of virulence and
avirulence for isolate description, or (iii) the
suggestion that B. bronchiseptica isolates carry

ubiquitous protective antigens. A more meamnng-
ful language dealing with isolate similarities and
differences should be developed. Finally, al-
though numerous studies have demonstrated
that B. bronchiseptica inactivated bacterins,
subunit vaccines, and live intranasal vaccines
can induce immunity in various mammals

against clinical bordetellosis, eradication of the
carrier state in vaccinated animals is yet to be
demonstrated satisfactorily. Further work is
needed to explain the immune mechanisms in-

duced by Bordetella antigen.
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